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(54) Bituminous compositions 

(57) The present invention relates to a bituminous 
composition, comprising a bituminous component and 
a block copolymer, 

wherein the block copolymer comprises at least two ter- 
minal polyvinyl aromatic) blocks and at least one poly 
(conjugated diene) central block, wherein said poly(con- 
jugated diene) central block(s) is (are) obtained by sub- 
stantially random copolymerization of butadiene and 
isoprene in a molar ratio between butadiene and iso- 
prene in the range of from 1 :2 to 9:1 ; 
wherein the polyvinyl aromatic) content (PSC) is in the 



range of from 20 to 30 wt%, 

wherein the content of a possibly accompanying di- 
block, comprising a polyvinyl aromatic) block and a poly 
(butadiene/isoprene) block is at most 25 mole%, 
wherein the 1 ,2-addition (vinyl content) of the polymer- 
ized conjugated dienes is in the range of from 1 0to 80%, 
and 

wherein the apparent molecular weight of the complete 
block copolymer is in the range of 31 0,000 to 380,000. 
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Description 

Field of the Invention 



aTJ JmJZT inVen,i °, n re ', a,eS 10 bitUmin ° US com P° sitions - ^Prising block copolymers derived from at least 
a vinyl aromatic monomer and at least one conjugated diene monomer. 

Background of the Invention 

S° m ° 21 l h6 u° Ck C ° P °! ymerS UP t0 n ° W ^P'^ in 9 eneral in bituminous compositions for road applteations were 
composed of terminal polyvinyl aromatic) blocks and poly(butadiene) and/or poly(isoprene) central btocta Said bZl 
copolymers hadal,nearstmcturee.g.S-B-SorS-l-S,oraradialstmcturee.g.(S^ 

a powviny. aromatic) block, B represented a ^(butadiene) block and I represented ^S^SS^ 
l:i*:Z7xo ,S. C ° UP " 9 39ent Wherei " " ^ 3n ' nteger haVi " 9 3 ValUS 0f « ««- 3 - P«n 
[0003] Although said block copolymers, containing polyfbutadiene) or poly(isoprene) central blocks have shown at 
eST ^ 

27 S6 T e an ex P erienced disadvantage of said block copolymers in bituminous composes SEE 
d^n^ 

KL^ 10 ' 60 ^', 961 f0miati0n W3S encountered in luminous compositions, composed in particular of S-B-S after 

h ^ SaW Hi9her tem P eraturcs - 11 wi " ^ appreciated that there is a clear need to eliminate o 

23 7' SCO t Slty mCreaSe 961 f0r^1ati0n • Which deteriorate an efficient e^-use processing of the bZtous 

. 18 3n "f" °' 1,16 PreS6nt inVenti ° n t0 PraVide better P rocessable bilu ™ous composi«rZ 
prising block copolymers, after storage at higher operation temperatures. ^positions, com 

Summary of the Invention 

[0005] As result of extensive research and experimentation, said bituminous compositions and comoosino block 
copolymers aimed at, have surprisingly been found composing block 

Wccpt^^' inVenti ° n r6lateS 10 bitUmin ° US ^P 03 ^ c °"^sing a bituminous component and a 

oil!? I!!? 100 ? c °P 0, y mer t com P rises at ^ast two terminal polyvinyl aromatic) blocks and at least one polyfconiu- 
gated diene) central block, wherein said polyfconjugated diene) central block(s) is (are) obtained by substent afcran 

1 .2 to 9.1 and preferably from 2:3 to 6:1 and more preferably from 1 1 to 31 • 
wherein the polyvinyl aromatic) content (PSC) is in the range of from 20 to 30 wt% 

.soprene) block .s at most 25 mole% and more in particular from 0 to 15 mole% (diblock content) iy(DUta<1,ene/ 

y::iTz p zT^w m of the comp,ete b,ock * * - °< ^ * - 

Detailed description of the Invention 

long term storage at 180 C or higher, keeping the compositions better manageable after hot storaae and to show 
significant less gelation after even 144 hours, it will be appreciated that the bLinous oomposZa of to e V!Z 

H bk ^!!, C0 ? 0 ^ mer aC ° 0rdin9 10 Present invention mav be bra ^hed or linear and may be a triblock 
tetrablock or multiblock. Preferably, it has a structure represented by the following general formulae ' 



S-B-S (|)| 



or 
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(S-B)n-X (II) 

wherein each S Independently is a polyvinyl aromatic) block and each B independently is a poly(conjugated diene) 
block, n is an integer equal to or greater than 2 and X is the residue of a coupling agent or multifunctional monomer. 
[0009] It will be appreciated that the most preferred vinyl aromatic monomer is styrene, which is used as substantial 
pure monomer or as major component in mixtures with minor proportions of other structurally related vinyl aromatic 
monomer(s) such as o-methylstyrene, p-methylstyrene, p-tert-butylstyrene, 2,4-dimethylstyrene, a-metylstyrene, vi- 
nylnaphtalene, vinyltoluene and vinylxylene, i.e. in proportions of at most 10 wt%. The use of substantial pure styrene 
is most preferred. Preferably the apparent molecular weight of the polyvinyl aromatic) blocks is in the range of from 
12,000 to 28,000 and preferably from 15,000 to 25,000. 

[0010] Similarly, the butadiene and isoprene monomers for the preparation of randomly copolymerized blocks, can 
be substantially pure monomer ingredients or can contain minor proportions of structurally related conjugated dienes, 
such as 2,3-dimethyl-1 l 3-butadiene, 1 ,3-pentadiene and 1 ,3-hexadiene, up to 10 wt%. The use of substantially pure 
butadiene and substantially pure isoprene is preferred. 

[0011] With the term "apparent molecular weight", as used throughout the present specification, is meant the mo- 
lecular weight, as measured by means of gel chromatography (GPC), relative to poly(styrene) calibration standards 
(according to ASTM 3536). 

[0012] With the term "diblock content", as used throughout the present specification, is meant the proportion of free 
diblock which is finally present in the applied block copolymer. 

[0013] It will be appreciated that when the block copolymer is prepared via a full sequential polymerization, no de- 
tectable amounts of free diblock copolymers will occur and the finally desired diblock amount can be adjusted if desired. 
[0014] When the block copolymers have been prepared via the initial preparation of intermediate living diblock co- 
polymers, which are subsequent coupled by means of a multivalent coupling agent, the initial diblock content will be 
determined by the coupling efficiency, which is normally in the range of from 85% to 97%. 
[0015] The diblock content is preferably in the range of from 0 to 1 5 mole%. 

[0016] With the term "substantially random copolymerized", as used throughout the present specification, is meant 
that the central (l/B) blocks onfy contain average homopolymer block lengths of less than 100 monomer units and 
preferably of less than 50 monomer units and more preferably of less than 20 monomer units. Said average homopol- 
ymer block length maybe measured by means of carbon 13 NMR, as disclosed in detail in WO/057386A, pages 12-15. 
[0017] The block copolymers, which are useful as modifiers in the bituminous compositions according to the present 
invention, may be prepared by any method known in the art including the well known full sequential polymerisation 
method, optionally in combination with reinitiation, and the coupling method, as illustrated in e.g. U.S. Patents Nos. 
3,231,635; 3,251,905; 3,390,207; 3,598,887 and 4,219,627 and EP 0413294 A2, 0387671 B1, 0636654 A1, WO 
04/22931. 

[0018] The block copolymer may therefore, for example, be prepared by coupling at least two diblock copolymer 
molecules together. The coupling agent may be any di- or polyfunctions coupling agent known in the art, for example, 
dibromoethane, silicon tetrachloride, diethyl adipate, divinylbenzene, dimethyldichlorosilane, methyl dichlorosilane. 
Particularly preferred in such a preparation route is the use of non-halogen containing coupling agents, for example 
gamma-glycidoxypropyl-trimethoxysilane, and diglycidylether of bisphenol A. 

[0019] In general, the polymers useful in this invention may be prepared by contacting the monomer or monomers 
with an organoalkali metal compound in a suitable solvent at a temperature within the range from -150°C to 300°C, 
preferably at a temperature within the range from 0°C to 100°C. Particularly effective polymerization initiators are 
organolithium compounds having the general formula 

Rli 

wherein R is an aliphatic, cycloaliphatic, alkyl-substituted cycloaliphatic, aromatic or alkyl-substituted aromatic hydro- 
carbon radical having from 1 to 20 carbon atoms of which sec.butyi is preferred. 

[0020] Suitable solvents include those useful in the solution polymerization of the polymer and include aliphatic, 
cycloaliphatic, alkyl-substituted cycloaliphatic, aromatic and alkyl-substituted aromatic hydrocarbons, ethers and mix- 
tures thereof. Suitable solvents, then, include aliphatic hydrocarbons such as butane, pentane, hexane and heptane, 
cycloaliphatic hydrocarbons such as cyclopentane, cyclohexane and cycloheptane, alkyl-substituted cycloaliphatic hy- 
drocarbons such as methylcyclohexane and methylcycloheptane, aromatic hydrocarbons such as benzene and the 
alkyl-substituted hydrocarbons such as toluene and xylene, and ethers such as tetrahydrofuran, diethylether and di- 
n-butyl ether. Preferred solvents are cyclopentane or cyclohexane. 

[0021] The block copolymers according to the present invention can be made by mere adaptation of common proc- 
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^Ll^' Preparati0n of S - B " S *yP e block copolymers and/or S-l-S type block copolymers, using a mixture 
of butad eneflsoprene instead. It is preferred in the preparation of the block copolymers according to the pLem in 

EmS.^ 0 bS beneffcia ' ,0 proceKb y add,n g°" e ^°othcomonomers during theformation of the 

S techniques to enhance the vinyl content of the conjugated diene portion are well known and may involve the 
use of polar compounds such as ethers, amines and otherLewis bases and more in particular those LTS from fte 

cZini nS ih 9 ° f dia '^ the,S ° f 9 ' yCOb - M ° St Preferred m ° dffiere are selected <™ *"5 So7SnX 
SETS?! Same °» T termina ' a ' k0Xy 9r ° UpS 3nd ° p,i0na,ly bearin 9 an «** ^ent on th eff 

£TrL 2k bituminous ° om P onen t P^sent in the bituminous compositions according to the present invention ma V 

an * 0 T mn9 i ltUmen ° r denVed fr0m 3 mineral oiL Also P etroleuf " Pishes obtained by a crackC^s 
and coal tar can be used as the bituminous component as well as blends of various bituminou materials LSs 

TIT"" 0 " " " Strai9ht - rUn bitUmens " P reci P itafo " bi^rp^at b urn! s 
blown bitumens, e.g. catalyticaiy blown bitumen or "Multiphate", and mixtures thereof Other suitable hZiln^^" 
ponente include mixtures of one or more of these bitumens wrth extenders (fluxes sucf as IL™7 0 " 
aromatic extracts, distillates or residues, or wrth oils. Suable bituminous components SitKS^SenJ 
or fluxed brtumens") are those having a penetration of in the range of from 50 to S> 1 S^JS^ZSS!Zb 

K P °, ,ynier m ° difter iS SUitably present in the heinous composition in an amount in the ranqe of from 3 
o 30% by w ei ght, more typically from 6, or more preferably 1 0, to 15% by weight 

[0026] The bituminous composition may also, optionally, contain other ingredients such as may be reauired for the 
end-use envisaged. Thus fillers may be included, for example talc, calcium carbonate and cTrbTbLc^lil 
ponents including resins, oik. stabilisers orflame retardants may be incorporated S,e 
components may be in the range of from 0 to as much as 40% bv weiahr or m , l a *°,T V ? 
modrtiers may also be included in the brtuminous comply "onhZentton ' adVanta9e ° US ' ° ther P °* mer 

Enn The U T l l° W temperature and hi 9 b temperature properties of the polymer-bitumen blends of the present 
invention in comb.nat.on with the improved ageing resistance and lower viscosity after storaae a hioh tan^JZ!? 
enables such blends to be of significant benefit in uses where the blends J^^^SSS^Z 

nr.? 6 - T r n9 aP ? iCati ° nS ' f ° r eXampl6 38 3 C ° mp0nent of roofin 9 Sl The ui^ly 

viscosty not just means that the polymer-bitumen blends can be more easily processed btf ata SaHSttS 

USUI ?T! "T* ° f fi " er 10 be inCOrP ° rated bef ° re ,he maximum a,,owable P^ng ZSSSS 
fnnolr f ° 8 Ch6aper Pr ° dUCt in 1,1086 a PP |te «tions where fillers are commonly used 

SSL and rriS bitUm r ! n ° US b ' endS aCC ° rdin9 10 the P resent invention fi how a better balance between 
ackiness and the rheolog.cal properties, required for self adhesive compositions for roofino applications AttrarZ 

asTen^^ 

intic V ,mpra o ed ,n C ° mpanSOn t0 S ' B " S based ^Positions. Also the T-peel forceZs sTgn fffeantS 

increased in comparison to S-B-S based compositions. signincantiy 

[0029] Other applications in which the polymers themselves may be of use are in sound rt«.H on in„ i„ M fe • 
sealant or coating compositions and/or in vibration dampening compositfons 9 ' " adheS ' Ve ' 

eZdimInt?' ,0Win9EXamP,eSillUStr ^ 



Examples 1-4 



2 nf J! J T n 9ra ? th f ! W3S US6d f ° r the " Sted examp,es was «"¥■*«• b it"men obtained by vacuum dis- 
OOMI Tit ZTrsZ T ° n E f HA 'irr- AmSt6rdam) ' haVin9 3 P 6n6trati0n ° f 180 *«■ at 25-C (B- 80? 

ELI to SsS 3314^ ?7 ' inear ^ COp0lymerB havin 9 a content of about 30% 

(according to ASTM 3314), a final apparent molecular weight of about 380.000, a vinyl content of about 8-/ fas II 
ured by IR spectroscopy in line with ASTM 3677) and a diblock content of less thanis% hJLn Jl J TT. 
gamma-glycidoxypropyl-trimethoxysilane (gPTS) as couplingtgent " " 9 "* 
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Polymer list 


Polymer 


Description of polyfconjugated dlene) block 


PI (*) 


butadiene 


P2 


Isoprene/butadiene In 11/89 mol ratio 


P3 


isoprene/butadiene In 17/83 mol ratio 


P4 


isoprene/butadiene In 50/50 mol ratio 



C) Comparative 



[0033] A blend of 12% by weight of polymer in bitumen was prepared for each of the above polymers P1 to P4 by 
the following procedure in which a Silverson LR2 high shear mixer was used. The bitumen was heated to 160°C and 
15 subsequently the polymer was added. During polymer addition the temperature increased to 1 80°C, which is caysed 
by the energy input of the mixer. At 180°C the temperature was kept constant by on/off switching of the high shear 
mixer. Blending was continued until a homogeneous blend was obtained which was monitored by fluorescence micro- 
scopy. Generally the blending time was around 60 minutes. 

[0034] The polymer-bitumen blends were then tested for suitability for roofing applications. The evaluations for both 
20 cold temperature and high temperature performance are given in Table 1 below. 
[0035] The test methods used were: 

Softening point R&B : according to ASTM D36 f corrected for stirring with +1 .5°C, 

Gelation : evaluated at 200°C using a Haeke roto-viscometer at low shear, 300 r.p.m. and 20 nL air on surface 
25 Cold bend (CB) : evaluated under UEAtc M.O.A.T. no.31 :1984 Flow Resistance Temperature : evaluated under DIN 

52123 



Table 1 



35 



(Bitumen composition based on B180) 


Polymer (12%) 


R&B °C 


Flow-resist 


Cold bend 


Gelation hr. 


P1 o 


122 


100 


-35 


43 


P2 


125 


105 


-30 


55 


P3 


128 


110 


-35 


66 


P4 


122 


105 j 


-35 


138 



O Comparative 



Examples 5-6 

[0036] The procedure of Examples 1 -4 were repeated, however using polymers P5 and P6 having a high molecular 
weight and having a high vinyl content. Thus, P5 (comparative) has a final apparent molecular weight of about 500.000 
and a vinyl content of about 40%. Polymer P6 corresponds to P5, other than that it has a mixed midblock (isoprene: 
butadiene molar ratio of 50:50) and a vinyl content of about 60%. 

[0037] This type of polymer, having an increased vinyl content, is used in applications were increased softening point 
is desirable. On the other hand, increased vinyl content strongly affects the susceptibility of the polymer towards ge- 
lation. The results are in Table 2. 



Table 2 



(Bitumen composition based on B180) 


Polymer (12%) 


R&B °C 


Flow-resist 


Cold bend 


Gelation hr. 


P5 n 


134 


115 


-20 


8 


P6 


131 


100 


-15 


>72 



O Comparative 
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Conclusion 



[0038] From Table 1 it can clearly be seen that the polymers accordinq to the invention P? pa haua = • 
resistance to gelation without adversely affecting R&B Flow-resistance Lh^h k ? f 5- mCreased 
pronounced when comparing P6 (wftha very high ^ny. 1 P5 ^ ^ Pr ° Pert ' eS - Th ' S «** * m0re 



Claims 



'' ^TZ'^°T a * k ,''■ C °" , "**' g ' mm ""»* ~mponem and a block copolymer, 
SSI! ,h! f" 1 ? ""^ a ™ maUo ' ( psc ) lo m Kc ™ge o( torn 20 lo 30 »K 

3. A bituminous composition as claimed in claim 1 or 2 wherein the dihin,* ™nt«nt ~* + u , 

range of 0 to 1 5 mole%. b,0Ck Content of 1,16 bIock copolymer is in the 

4. A bituminous composition as claimed in any one of claims 1 tn s u/h^m ih ■ , 

is in the range of from 30 to 60%. * WherBln Vmyl content of the b,0 <* copolymer 

5. A bituminous composition as claimed in any one of claims 1 tn A w/hor^in 

eon* block copolymer* .rnh. ^ge ol Irom 3 T 5 !ooot^7M» "'"*'""" "» ta *"»W 
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